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aemic patient they are liable to cause further
circulatory collapse.

The changes of advanced shock. If shock
persists, the widespread arteriolar constriction
gradually passes off, but venular constriction
is more persistent and capillary pressure rises
with consequent loss of fluid into the ex-
travascular space and further fall in blood
volume. At this late stage of shock, the capil-
laries are congested with slowly-flowing blood,
and cyanosis may be apparent. The general re-
duction in blood supply to the tissues is aggra-
vated by a number of complex factors brought
about by changes in the blood itself and by the
injury to vascular endothelium and tissue cells
resulting from perfusion failure. Some of the
changes are as follows:

(a)  Viscosity of the blood is increased by the
haemoconcentration   resulting   from   loss   of
capillary fluid. This leads to sludging of the red
cells and rouleaux formation (p. 47) and these
effects are increased by the rise in plasma
fibrinogen which follows haemorrhage.

(b)   Release of thromboplastin (Factor III)
from hypoxic endothelium and tissue cells re-
sults in the production of thrombin (p. 234),
which promotes aggregation of platelets and
occasionally intravascular formation of fibrin.
Aggregated   platelets   release   adenosine   di-
phosphate and thromboxane A2 which cause
further platelet aggregation.

(c)  Neutrophil polymorphs adhere to the in-
jured vascular endothelium of small vessels.

(d)  Hypoxic injury results in release of lyso-
somal enzymes and secretory products into
the blood. Proteolytic enzymes, e.g. trypsin
from the pancreas, may activate the kinin
system and thus further embarrass the circula-
tion by causing vasodilatation and increased
permeability. Production of the prostaglandins
may also be increased: those of the E group
have a kinin-like effect, while the F group may
increase the resistance to pulmonary blood
flow.

Metabolic disturbances. The hypoxia of
shock interferes profoundly with cell metab-
olism, It prevents the entrance of pyruvic acid
into the citric acid cycle and in consequence
lactic add accpoiuktes and glucose passes out
of the biypoxic cells, leading to insulin-resistant

hyperglycaemia and increased glycogenolysis.
These metabolic disturbances together with
high levels of catecholamines, result in a rise
of fatty acids and amino acids in the plasma,
Impaired carbohydrate metabolism results in a
fall in production of adenosine triphosphate
and so energy is not available for many cell
functions, including the sodium pump: potass-
ium leaves the cells and sodium and water enter
and cause swelling: these effects, sometimes
termed the 'sick cell syndrome' (p. 19) may, by
lowering the level of blood sodium, lead to
inappropriate administration of salt.

Metabolic acidosis, with rise in blood lactic
acid, contributes to the hyperventilation of
shock.

Organ function in shock. While all the organs
are affected in shock, respiratory and cardiac
failure are commonly of life-threatening im-
portance. Quite apart from cardiogenic shock
(see below), acute heart failure, first of the left
and then of both ventricles, may develop in
severe hypovolaemic or septic shock, and is
particularly common in older patients with pre-
existing coronary artery disease. The increased
load on the heart resulting from peripheral vaso-
constriction and its treatment with vasodilator
drugs has been considered above. A factor
which reduces myocardial contractility (myocar-
dial depressant factor) has been detected in the
plasma of shocked patients who subsequently
died of cardiac failure: it is believed to be re-
leased from the pancreas. The impaired blood
flow of severe shock, together with activation
of the clotting mechanism, predispose to cor-
onary thrombosis in patients with coronary
artery disease. If operation is necessary, an-
aesthetic drugs may also impair cardiac func-
tion. Monitoring of the cardiac filling* and
systemic arterial pressures, and particularly of
changes in them during intravascular admini-
stration of fluid, helps to distinguish between
hypovolaemia and cardiac insufficiency in
shock. In some cases, drugs such as dopamine
or digitalis, which increase myocardial con-
tractility, are beneficial.

Disturbance of gas exchange in the lungs is
another important complication of shock, and
can be assessed by comparing the mixed venous
and arterial oxygen tensions. Improvement
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